Calbindin-D28K (CaBP 28K) belongs to the family of calciproteins that includes calmodulin, calretinin, parvalbumin and S 100, which all have a strong affinity for calcium. Each molecule of CaBP 28K binds four calcium ions [7] . CaBP 28K, first isolated from the chick duodenal mucosa [32] is apparent in several neuronal cell types of the mammalian central nervous system such as the pyramidal cells of the hippocampal area CA1 [3, 16, 24, 25] , granule cells of the dentate gyrus [3] , and Purkinje cells of the cerebellum [3, 18, 26] . Its distribution in the rat spinal cord is controversial; Garcia-Segura et al. [14] reported on immunolabelling in some neurons of the rat gelatinous substance of Rolando where CaBP 28K was not found by Jande et al. [16] . According to Garcia-Segur.a et al. [14] CaBP 28K might be present only in small neurons, probably interneurons or gamma motoneurons but not in other motoneurons of the ventral horn.
It is generally agreed that this soluble cytosolic protein is uniformly distributed in the somata and the axodendritic endings of neurons [4] . Consequently, many authors have used this protein as a marker for studying the morphology of neurons, following their endings and determining their relationship with unlabelled neurons.
CaBP 28K is distributed throughout the medullary motoneurons of the teleost fish. It is found in their somata, dendrites and axonal projections to the muscles of the trunk [I1]. The distribution of CaBP 28K in the electromotoneurons (EMNs) of Pollymirus isidori was monitored immunohistochemically using paraffin sections of entire larvae. The EMNs of larval mormyrid fish form two distinct groups [17] . One is found along the rostral part of the medulla and projects onto the stalks of the larval electric organ (LEO) electrocytes in the trunk muscles [9] . The other forms a compact network and projects onto the stalks of the adult electric organ (AEO) electrocytes [10] situated in front of the caudal fin. CaBP 28K has been found in the somata of both EMNs, whereas only traces of protein immunoreactivity are apparent in the EMNs of AEO. In the latter cell type, the protein seems to be concentrated around the stalks of electrocytes. Although the ontogenetic development and synaptogenesis of these electrocytes was not yet finished in the larvae that were studied, the data suggest that CaBP 28K is distributed unevenly in some neurons.
We have therefore carried out an immunohistochemical analysis of the distribution of CaBP 28K in the caudal part of adult Eigenmannia virescens containing both EMNs and their projections to electrocytes [1] . Furthermore, we studied the distribution of this protein in the somata of the EMNs and their projections to the electrocyte stalks of adult Gnathonemus petersii and determined the protein concentration by radioimmunoassay. Finally the distribution pattern of CaBP 28K was compared with that of endogenous calcium in the nerve endings of both species. CaBP 28K was found in low concentration in the somata of the EMNs and at high concentration in their nerve endings, particularly in regions free of organelles. In contrast, endogenous calcium is present in the cytoplasmic organelles.
II. Materials and Methods

Immunocytochemical detection of CaBP 28K
Five specimens of Eigenmannia virescens (Gymnotidae), 25 cm in length, were anesthetized with 1 mg/ 100 ml MS 222 (Sandoz) and five Gnathonemus petersii (Mormyridae), 13 cm in length, were killed with an overdose of MS 222. After removal 1-3 cm of the caudal extremity of E. virescens, the posterior spinal cord containing electromotoneurons and electrocytes of G. petersii were dissected out, fixed by immersion in Bouin's fixative and embedded in paraffin. Specimens were cut into sagittal or transverse serial 5 icm sections.
Two fishes of each species were anesthetized with 1 mg/ 100 ml MS 222 and perfused with 4% glutaraldehyde in 0.1 M phosphate buffer pH 7.4 for electron microscopy. The caudal extremity of E. virescens and the electrocytes of G. petersii were removed, postfixed in the same fixative for 12 hr and rinsed in the buffer solution. The specimens were coated in gelatin and 40-60 im thick serial sagittal sections were cut with a vibratome.
CaBP 28K was localized with an anti-CaBP 28K antiserum obtained by immunizing rabbits with CaBP 28K purified from rat kidney [15] . Antibody specificity was checked by double immunodiffusion, radioimmunoassay and immunoprecipitation [30] . The sections were placed in 3% H2O2, incubated in normal goat serum for 1 hr and stored in anti-CaBP 28K antiserum 1/2000 for 48 hr at 4°C. Following incubation with biotinylated anti-rabbit IgG (1/200 Amersham) for 24 hr, the sections were exposed to a streptavidin-biotinylated horseradish peroxidase complex (1/100 Amersham) for 1 hr. The antiserum and streptavidin complex were diluted in 0.05 M Tris buffer, pH 7.4 containing 1/100 normal goat serum. The sections were washed several times in Tris buffer between each incubation step. Immunoreaction was visualized with a solution of 0.2 mg diaminobenzidine (Sigma) and 6 mg ammonium nickel sulfate dissolved in 1 ml 0.05 M Tris buffer pH 7.4 containing 1 pl H2O2. For the light microscopy, sections were washed, dehydrated and mounted in DPX (BDH chemicals). Certain vibratome sections were postfixated in 1 % OSO4 buffered with 0.1 M phosphate, dehydrated and embedded in Spurr's medium [28] . Thin sections were examined without contrast using a Philips CM10 electron microscope.
Controls were prepared by (a) replacing the antiCaBP 28K antiserum with normal rabbit or goat serum (b) replacing the second antibody or streptavidin complex with normal goat serum (d) or by using the anti-CaBP 28K antiserum saturated with purified CaBP 28K (500 ig CaBP 28K/ml undiluted antiserum).
Radioimmunoassay of CaBP 28K
Three specimens of Gnathonemus petersii were used for a quantitative analysis of CaBP 28K. They were killed with an overdose of MS 222, the cerebellum and electric organs were quickly dissected out, homogenized in 4 vol buffer (14 mM Tris-HC1;120 mM NaCI; 3 mM KCI pH 7.4) with a motor-driven Potter Elvehjem homogenizer at 4°C, and then centrifuged at 105 g for 60 min at -20°C. The resulting supernate was aliquoted and the total protein concentration was determined by the method of Bradford [6] . CaBP 28K was quantified by radioimmunoassay [15, 29] . Purified CaBP 28K from rat kidney was used as the standard reference.
Cytochemical detection of endogenous calcium
Two specimens of Gnathonemus petersii were perfused as described above. The electric organs were removed and placed for 12 hr in the same fixative as the caudal extremity of two Eigenmannia virecens. After washing in phosphate buffer the samples were postfixed in 1 % 0sO4 containing 2.5% K2Cr2O7 in 0.85% NaCI [22] , for 2 hr, dehydrated and embedded in Spurr's medium [28] . Ultrathin sections (800 A) were mounted onto copper or nickel grids, and observed without contrast with an electron microscope (Philips CM10). Control ultrathin sections were incubated in 10 mM EGTA (ethylene glycol tetraacetic acid, Sigma) pH 7.4 at 60°C for 30-45 min [22] .
III. Results
The electric organs of gymnotid (Egenmannia virescens) and mormyrid (Gnathonemus petersii) fish have been studied by many authors. The organ contains electrocytes, which are syncytial elementary units. The electrocytes extend from the caudal extremity to the general cavity of the gymnotid fish, and are grouped in the caudal peduncle of the mormyrid fish. The EMNs of gymnotids are distributed throughout the medulla and project on the posterior surface of each electrocyte, whereas those of mormyrids are grouped in the medulla of the caudal peduncle and project onto the stalk of each electrocyte.
Distribution of CaBP 28K
CaBP 28K immunoreaction was found in the somata of Eigenmannia virescens EMNs (Fig. la) and in their thin axodendritic projections.
Their nuclei however were devoid of immunolabelling (Fig. la) . CaBP 28K was also apparent in the axons close to the electrocytes as well as in their endings at the membrane of the posterior surface of electrocytes (Fig. lb) . The somata of the electrocytes were unlabelled (Fig. lb) .
The myelinated axons of Gnathonemus petersii EMNs close to the stalks and the nerve endings, which contact the stalks, were strongly labelled (Fig. ld) . However, the somata and axo-dendritic prolongations were faintly stained, but their nuclei were devoid of immunoreaction (Fig.  ic) . Immunoreaction within cell bodies was also found in non-EMN cell types (Fig. lc) .
Under the electron microscope the distribution of CaBP 28K appears to be identical in the nerve endings of the two species. Protein immunoreaction is present in the cytoplasm near the organelles of the nerve ending. It is associated with the synaptic vesicle membrane, the outer membrane of mitochondria and-the presynaptic membrane (Figs. 2a and 3a) . However, the distribution of CaBP 28K in the nerve endings of E. virescens is rather special; immunostaining was found on the pre-and postsynaptic membrane (Fig. 2a) but it is not visible on the postsynaptic membrane of subneural foldings (see Fig.  2b ). The staining pattern described above, was not visible in control sections.
The average concentration of COP 28K in the electric organ of G. petersii was 31 ng/mg total protein range whereas in the cerebellum was 1 to 2 ng/mg protein . 
Distribution of endogenous calcium
Endogenous calcium appeared as small electron dense precipitates of about 75 A in diameter.
In both fish species calcium deposits were located in various cytoplasmic sites such as. synaptic vesicles (Figs. 2b and 3b) , endoplasmic cisternae of nerve endings and electrocytes as well as between the membranes layers of the myelin sheath.
Electron dense precipitates were also found on the synaptic membranes of G. petersii nerve endings (Fig. 3b) . Glycogen particles could be also revealed (Fig. 3b) , but were located outside of cell organelles and were larger than calcium deposits. Sections, incubated in EGTA, were devoid of calcium deposits (Fig. 3c) .
Iv. Discussion
The distribution of CaBP 28K in electromotoneurons (EMNs), projecting onto the electrocytes of two teleost fishes Eigenmannia virescens (Gymnotidae) and Gnathonemus petersii (Mormyridae), was studied immunohistochemically.
The distribution of CaBP 28K specifically recognized in the EMN endings by a specific antibody was further compared to that of endogenous calcium.
The immunoreaction intensity in the electromotoneuron somas of both species was compared to the immunolabelling level of the nucleus of these cells as well as to that of somas of the neurons near the EMNs. The caudal extremity of E. virescens, 3 mm in diameter, contains the medulla and the spinal column surrounded by 5 to 6 groups of electrocytes.
We keep the sentence (These areas were found on the same histological sections, the EMNs and their endings on the electrocytes were subjected to the same experimental treatment).
Thus, the immunoreaction obtained in these two distinct regions can be compared.
CaBP 28K is absent in the nucleus of the EMNs but was detected at a low concentration in the somata, the dendritic prolongations, and in the axons near the cell body of the EMNs where its distribution is diffuse. Immunoreaction for CaBP 28K, which is apparent at high concentration in the myelinated fibres neighboring the electrocytes, and in the endings of the electrocytes has not been detected in the somas of these cells. Our results confirm previous findings of Rabie et al. [23] , who demonstrated that CaBP 28K is concentrated at particular cellular sites. In both types of sensory cells in the cochlea, CaBP 28K is concentrated on their apical cuticular plates. The quantification of CaBP 28K in the electric organ of Gnathonemus petersii confirms our immunohistochemical observations. The average protein concentration obtained in the present study is in the range of that shown for the kidney [29] or the cerebellum of mammals [3, 29] .
The electron microscopic analysis indicates that CaBP 28K is mainly in the cytosol of the nerve endings. It is associated with the membranes of the intracellular organelles, such as synaptic vesicles. This distribution is similar to that found in Purkinje cells [18] or in neurons of the visual cortex of mammals [29] .
The distribution of CaBP 28K in the nerve endings of the EMNs appears to be complementary to that of endogenous calcium. CaBP 28K is cytosolic, whereas endogenous calcium is apparent inside of intracytoplasmic organelles, such as synaptic vesicles or the saccules of the endoplasmic reticulum. The distribution of endogenous calcium in these myoneural endings is in agreement with its cellular localization in other nerve endings of the central or peripheral nervous system such as the sensory cells of photoreceptors or electroreceptors [12, 13, 20 and 22] .
Recently, we have performed several control experiments (Denizot and Bensouilah unpublished) to estimate the specificity of the method proposed by Probst [22] to detect cellular endogenous calcium. We conclude that prefixation of the tissue by perfusion or immersion in glutaraldehyde as well as a long washing step in buffer after the postfixation by osmium with or without dichromate are crucial factors for inhibiting the diffusion of endogenous calcium. We have also observed that osmium solutions prepared in glass [5] at the concentration proposed by Probst do not provoke a redistribution of endogenous calcium.
The amount of calcium, visualized by the method of Probst [22] is probably a minor portion of that present in the endings of untreated electrocytes. Nevertheless this method, which does not need calcium to be added to the fixative allows the detection of endogenous calcium exclusively [13, 22] . According to Probst [22] , labelling corresponds to the insoluble ionic calcium. The calcium bound to cytosolic CaBP D28K, which is not cytochemically detectable, must be added to insoluble endogenous calcium. As every molecule of CaBP 28K is capable of binding four ions of calcium, there is probably more calcium in the endings of the electrocytes than described in the present study.
The electrocytes of these fishes constantly produce very short electric pulses of about 1 ms (G. pettersii) and high frequency trains of quasi sinusoidal discharges (between 250 to 500 Hz; E. virescens.) The nerve endings of the electrocytes function in the same way as myoneural synapses. The release of acetylcholine into the cleft depends on calcium ions entering these endings. As every pulse, produced by the electric organ, is the result of a stimulation of the electrocytes by the EMNs, calcium ions are expected to cross the presynaptic membrane of EMNs. Indeed N-type voltage-dependent calcium channels have been found along the presynaptic membrane of EMNs through which the calcium ions could enter the nerve endings [27] . Voltage-dependent calcium channels have also been identified in the presynaptic membrane of the neuromuscular endings of mammals [19, 31] , in the synaptosomes of the electric organ of the Torpedo [21] and in certain neurons of the central nervous system. Other studies suggest that the type-P calcium channels are co-localized with CaBP 28K [19] , as they have been detected in neurons of the dentate gyrus, the CA3 neurons of the hippocampus and in the Purkinje cells of the cerebellum [16, 19] . Our present data shows that the type N calcium channels can be also co-localized with CaBP 28K.
The role of this protein is still unclear [4] . The EMNs of mormyridae can be disconnected from the medullary relay nucleus by cutting transversally the medulla. Although the electric organ ceases to discharge, the EMN projections onto the electrocytes remain for many days after section. (Denizot and Szabo unpubl.) .
This may be due to a redistribution of the CaBP 28K in these degenerating endings, combinated with a rise of endogenous calcium as in degenerating sensory cells [8] . CaBP 28K may therefore help to regulate the intracellular calcium concentration of these particular type myoneural endings.
Thus the EMNs of mormyridae may be a suitable model to analyse some aspects of the function of CaBP 28K.
V. Acknowledgments
This work was supported by grants from "La Fondation pour la Recherche Medicale" to Dr. B. Djebar and Dr. M. Bensouilah.
We express our thanks to Dr. K. Grant and Dr. M. Neuner-Jehle for their advice, to J. P. Bouillot and D. Champion for their technical help.
VI.
